Recent years have seen considerable interest in the clinical use of noninvasive brain stimulation (NIBS), including transcranial magnetic stimulation (TMS) and transcranial electrical stimulation (tES) (Hummel et al., 2005; Dayan et al., 2013; Fox et al., 2013; Dunlop et al., 2016; Otal et al., 2016) . One promising avenue of research that advances towards minimizing interindividual differences in patients' responses to NIBS integrates brain imaging data, particularly functional and structural brain connectivity, to provide personalized, guided stimulation in clinical contexts (Fox et al., 2013; Dunlop et al., 2016; Otal et al., 2016) . However, integrating imaging datasets into neuronavigation systems while simultaneously searching for the optimal stimulation site(s) in the clinic is a time-consuming process which requires operator training and may not be well-tolerated by some neurological and neuropsychiatric patient populations. Here, we propose a strategy to optimize operator training and allow for individualized, pre-intervention planning offline, which does not require the patient's participation.
Our protocol combines a commercially-available neuronavigation system (Fig. 1A) together with 3D printing, an emerging technological innovation that allows users to fabricate 3D objects. We propose to use 3D printing technology to generate full-size head models, reconstructed using subjects' magnetic resonance imaging (MRI) data, which can then be used in neuronavigation sessions. To describe and validate the protocol, we used data from a healthy volunteer (female, 42 years old), applying procedures approved by the local Institutional Review Board. We first imported the subject's structural MRI (based on a T1 weighted MP-RAGE sequence) into the ITK-SNAP software (v3.4.0-rc1), segmented the head/scalp surface, and exported the head surface volume as a surface mesh. The mesh was then smoothed in Blender software (v2.73) and the orientation of its surface normals were reversed using MeshLab software (v1.3.3). We then cropped the model to fit the printer Fig. 1 . Neuronavigation with 3D-printed head models. (a) The protocol utilizes a commercially-available neuronavigation system and 3D-printed head models reconstructed based on subjects' MRIs. (b) The full-size head models can be registered to subjects' structural MRIs in the neuronavigation system, which may then allow for lengthy pretreatment planning sessions in the absence of subjects (or patients). (c) We assessed the registration of the model to a subject's MRI by repeating the registration with the actual subject and using 3 scalp reference locations (Cz, Fz and Pz) 
